Objective: People affected by chronic rheumatic conditions, such as systemic lupus erythematosus (SLE), frequently rely on the Internet and search engines to look for terms related to their disease and its possible causes, symptoms and treatments. 'Infodemiology' and 'infoveillance' are two recent terms created to describe a new developing approach for public health, based on Big Data monitoring and data mining. In this study, we aim to investigate trends of Internet research linked to SLE and symptoms associated with the disease, applying a Big Data monitoring approach. Methods: We analysed the large amount of data generated by Google Trends, considering 'lupus', 'relapse' and 'fatigue' in a 10-year web-based research. Google Trends automatically normalized data for the overall number of searches, and presented them as relative search volumes, in order to compare variations of different search terms across regions and periods. The Menn-Kendall test was used to evaluate the overall seasonal trend of each search term and possible correlation between search terms. Results: We observed a seasonality for Google search volumes for lupus-related terms. In the Northern hemisphere, relative search volumes for 'lupus' were correlated with 'relapse' ( ¼ 0.85; p ¼ 0.019) and with fatigue ( ¼ 0.82; p ¼ 0.003), whereas in the Southern hemisphere we observed a significant correlation between 'fatigue' and 'relapse' ( ¼ 0.85; p ¼ 0.018). Similarly, a significant correlation between 'fatigue' and 'relapse' ( ¼ 0.70; p < 0.001) was seen also in the Northern hemisphere. Conclusion: Despite the intrinsic limitations of this approach, Internet-acquired data might represent a real-time surveillance tool and an alert for healthcare systems in order to plan the most appropriate resources in specific moments with higher disease burden. Lupus (2017) 26, 886-889.
Introduction
People with chronic autoimmune conditions (such as systemic lupus erythematous (SLE), multiple sclerosis, rheumatoid arthritis) frequently use search engines, such as Google, to look for terms related to their disease and its possible causes, symptoms and treatments. 1 The large amount of information coming from searches conducted through Google generates trend data, and can be analysed with Google Trends, a publicly-available tool that compares the different geospatial and temporal patterns in search volumes for user-specified terms. 2 Therefore, Google Trends can provide indirect estimates of the burden of diseases and symptoms, and, accordingly, has been used for surveillance studies. 2 Despite the enormous potentiality and applicability of Google Trends in different fields of medicine having been noticed only recently, this tool has been already been successfully applied for monitoring infectious diseases (among others, for tuberculosis and influenza), 3 suicides patterns 4 and the epidemiology of drug addiction. 5 Similarly, Google Trends for some diseases have been positively associated with disease prevalence in some studies. 6, 7 Different clinical and epidemiological studies have been conducted on the seasonality of SLE, and have focused on flare, fatigue and periodicity of onset of clinical manifestations. Overall, SLE disease activity has been associated with specific seasonal patterns in both Northern and Southern hemispheres, possibly in relation to sun exposure, meteorological factors and vitamin D levels. [8] [9] [10] [11] Therefore, the present 10-year retrospective web-based research investigated the seasonality of Google Trends search volumes for 'lupus' and for SLE-related search terms, in the Northern and Southern hemispheres.
Methods
Search terms, considered on Google Trends separately, were: 'lupus' (requiring the exact phrase to be present in the search field), 'relapse' and 'fatigue' (http://www.google.com/trends with the following filters: 'Worldwide', in 'All Categories' and for 'Web Searches'). Google Trends automatically normalized data for the overall number of searches, and presented them as relative search volumes (on a scale from 0 to 100), in order to compare variations of different search terms across regions and periods. 12 This approach has been applied and validated elsewhere. 6 In order to reduce the background noise from populations with limited Internet searches and/or with lower relative interest in lupus, countries were selected according to the following criteria: (1) presence of a relative search volume >50 for 'lupus'; (2) presence of at least 20 million inhabitants. Canada, France, Italy, the UK and the US were included from the Northern hemisphere, and Australia, Argentina, Brazil and Peru from the Southern hemisphere. For those countries where English is not the first language, additional analyses were conducted by including search terms in the local language (language-by-language search is provided as additional material). For statistical purposes, countries were grouped in relation to the hemisphere (Northern or Southern). Relative search volumes for 'lupus', 'relapse' and 'fatigue' were extracted from January 2006 to January 2016, and grouped for each month of observation. The terms 'relapse' and 'fatigue' were used in a combined search with the term 'lupus' in order to increase the accuracy of our analysis for lupusrelated search volumes.
The Menn-Kendall test was used to evaluate the overall seasonal trend of each search term; results are presented as coefficients, which express the measured ordinal association between research terms. Generalized linear models were employed to assess possible differences in relative search volumes for 'lupus', 'relapse' and 'fatigue' between months of the year in each hemisphere; results are presented as rate ratio (adjusted on the median) and 95% CIs. Finally, possible correlations between different search terms were evaluated with the Kendall test; results are presented as coefficients. SPSS (IBM SPSS Statistics for Windows, Version 19.0 Armonk, NY: IBM Corp) has been used for data processing and analysis. Results have been considered statistically significant if p < 0.05.
Results
We observed a seasonality for Google relative search volumes for lupus-related terms (Figure 1 ). In the Northern hemisphere, 'lupus'-relative search volumes presented the highest levels in May and June (late spring) and in January and February (winter); the lowest levels are observed in November and December (winter). Specular to this pattern, in the Southern hemisphere, highest levels of 'Lupus'-relative search volumes were seen in May and June (winter) and in January and February (summer); the lowest levels were observed in July and August (winter).
'Relapse'-relative search volumes presented higher levels in April and May (spring) and January and February (winter) in the Northern hemisphere; lower levels in June and July (summer). In the Southern hemisphere, highest levels of 'relapse'-relative search volumes were seen in April and June (autumn/winter); the lowest levels are observed in February and December (summer).
'Fatigue'-relative search volumes presented higher levels in May and June (late spring) and lower levels in November and December (late autumn) in the Northern hemisphere. In the Southern hemisphere, highest levels of 'fatigue'relative search volumes were seen in March and October; the lowest levels are observed in June and July (winter).
In the Northern hemisphere, relative search volumes for 'lupus' were correlated with 'relapse' ( ¼ 0.85; p ¼ 0.019) and with fatigue ( ¼ 0.82; p ¼ 0.003), whereas in the Southern hemisphere we observed a significant correlation between 'fatigue' and 'relapse' ( ¼ 0.85; p ¼ 0.018). Similarly, a significant correlation between 'fatigue' and 'relapse' ( ¼ 0.70; p < 0.001) was seen also in the Northern hemisphere.
Discussion
The terms 'infodemiology' and 'infoveillance' were coined by Gunther Eysenbach when describing a new developing approach for public health, 13, 14 based on Big Data monitoring and data mining, within the conceptual framework of e-health and Health Web 2.0. 15, 16 Albeit limitations and concerns still exist, one cannot ignore that the Internet and the new medical informatics tools are defining new directions in the field of epidemiological research, indicating new trends and strategies.
Google Trends search volumes are commonly found to be increased for conditions with higher social impact or, at least, for periods with higher disease burden and, thus, are gaining importance in surveillance studies on the most epidemiologicallyrelevant diseases. 2 Google Trends for 'lupus' presented a specific seasonality, with peaks in spring and winter in both hemispheres, possibly as a result of seasonal variations in the disease burden. Interestingly, in the Northern hemisphere, relative search volumes for 'lupus' and 'relapse' were positively associated, and presented a similar annual cyclical sinusoidal pattern. Similar results were observed for 'lupus' and 'fatigue'. Those trends might reflect what has previously been shown in clinical studies evaluating the occurrence of relapses across different seasons. Among others, Chiche et al. reported a seasonal pattern for lupus flares among patients living in Southern France, with most flares in spring, in correlation with an increase in temperature and duration of sunshine. 10 On the other hand, Dall'Ara reported the occurrence of winter lupus flares in association with lower vitamin D levels. 8 Patients with SLE are prone to hypo-vitaminosis D because of their photosensitivity. Vitamin D has beneficial effects not only on bone metabolism but also on the function of the immune system. Thus, once could speculate that vitamin D insufficiency detected in the wintertime can be either a predisposing factor for flare or the consequence of the flare itself in SLE patients.
The possible heterogeneity observed comparing the results between Northern and Southern hemispheres could be justified by the difference among Internet users in the different countries, the USA and Europe being the geographical areas with greater search volumes.
The main limitation of the present study is that search trends might be produced by people other than patients with SLE, who are nevertheless interested in this topic. Furthermore, available data are clearly limited to Google users, and are related to the possibility of using a computer with Internet access. From that perspective, however, it should be noted that 65% of patients with SLE have disease onset between the ages of 16 and 55, 17 a distribution that mirrors the age-frame of the majority of Google users. 18 Therefore, a non-representative sampling bias might have occurred due to different factors, such as age, disability, income or preferred search engine.
In conclusion, the current study provided additional evidence for seasonality of lupus by using Google Trends. Indeed, Internet-acquired data might represent a real-time surveillance tool and an alert for healthcare systems in order to plan the most appropriate resources for specific moments with higher disease burden. As a future perspective, lupus-related Google Trends should be validated with external clinical data sets.
